Millsonia anomala, Megascolecidae) do not increase rice growth through enhanced nitrogen mineralization. Soil Biology and Biochemistry, Elsevier, 2006, 38, pp.Abstract 9 10 Earthworms have been shown to increase plant growth in 75% of the experiments 11 that have compared plant growth in their presence and absence. However, the 12 relative importance of the different mechanisms advanced to explain such a 13 stimulatory effect has never been tested. In a laboratory experiment we observed 14 increased growth of rice plants in the presence of earthworms (Millsonia anomala, 15 Megascolecidae) and demonstrated that enhanced nitrogen release (generally 16 considered as the principal mechanism involved in earthworm positive effect on 17 plants) was not responsible for this result: earthworms had the same stimulatory 18 effect on plant growth (+20 %) irrespective of whether the soil (provided with different 19 amounts of mineral-N fertilizer) was either N-limited or N-saturated. We discuss 20 alternative explanations for the observed variations in rice production 21 22 23
Enhanced N mineralization is the best documented mechanism and is generally 45 thought to be the most important. However, despite 313 studies on earthworm effects 46 on plant growth, (Brown et al., 1999; Scheu, 2003) , no attempts have been made to 47 assess the relative importance of each of these potential mechanisms (Scheu, 2003; 48 Brown et al., 2004) . Here, in a particular experimental case, we evaluate the 49 importance of enhanced mineralization by growing rice fertilised with different levels 50 3 of mineral N. If enhanced N mineralization is the main mechanism involved in the 51 (Omodeo and Vaillaud, 76 1967 ) has a somewhat larger geographical distribution and is a thin polyhumic 77 decompacting worm (Blanchart et al., 1999) . These two endogeic earthworms feed 78 on soil organic matter; consequently, the soil was not amended with organic matter. 79 Three immature M. anomala (0.85 ± 0.20 g biomass) and three C. zielae (0.07 ± 80 0.02 g) were added in each pot according to the treatments. The population density 81 of M. anomala was similar to that of natural populations, whereas that of C. zielae Hoagland-Arnon solution by replacing Ca(NO 3 ) 2 with CaCl 2 and KNO 3 with 98 NH 4 (SO 4 ) 2 and adding silicium which is necessary for many grasses. Therefore, the 99 composition of the fertilizer was KH 2 PO 4 : 2939 µmol l -1 ; CaCl 2 : 2495 µmol l -1 ; MgSO 4 : 100 5 3950 µmol l -1 ; Na 2 SiO 3 : 996 µmol l -1 ; Fe-EDTA (13 % of Fe): 5 mg l -1 ; Oligo-101 elements : H 3 BO 3 : 55 µmol l -1 ; MnSO 4 : 20 µmol l -1 ; ZnSO 4 : 0,6 µmol l -1 ; Na 2 MoO 4 : 0,4 102 µmol l -1 ; CuSO 4 : 0,6 µmol l -1 . NH 4 + was supplied at five different concentrations (0, 103 25, 100, 400, 1600 µmol l -1 ) in each of the four fauna treatments, resulting altogether 104 in 20 treatments; each was replicated 3 times. between these factors were tested (Table 1) . In this analysis, nitrogen was 133 considered as a discrete factor. To visualize our results more easily, an ANCOVA 134 was conducted considering nitrogen as a continuous variable. The effect of nitrogen 135 was modelled using a polynom whose order is statistically determined. As expected, the ANOVA showed that the N gradient had a significant effect on 144 plant dry total and above-ground biomasses (Table 1) . Comparisons between means 145 (Tukey's test for multiple comparisons) showed that total and above-ground 146 biomasses were not significantly different from the 0 µmol l -1 to the 100 µmol l -1 147 treatments, but increased significantly from the 100 to the 400 µmol l -1 treatments 148 (respectively +18 and 19.5 %) and from the 400 to the 1600 µmol l -1 treatments 149 (respectively +19 and 31 %), showing that plant growth was N-limited at the lowest 7 NH 4 + concentrations. No significant effect of the N gradient was observed on below-151 ground biomass ( Fig. 1c ). M. anomala had a significant effect on total, above-ground 152 and below-ground biomasses. However, its interaction with the N concentration was 153 not significant (Table 1) . The positive effect of M. anomala on plant production did not 154 depend on the N concentration. Nor C. zielae neither its interactions with the N 155 concentration or M. anomala had a significant effect on plant production ( The relationship between plant total and above-ground biomasses with the N-167 gradient fitted on a second order polynom (y = a + bx + cx 2 ) ( Table 2) . Below-ground 168 biomass did not vary significantly along the N-gradient (y = a). For total and above-169 ground biomasses M. anomala had a significant positive effect on the parameter a, 170 but not on b or c (Table 2; Fig. 2a and 2b) . M. anomala also had a significant effect 171 on the parameter a for below-ground biomass (Fig. 2c ). Taken together, M. anomala 172 had a constant positive effect on plant production along the N-gradient : + 20, 16 and 173 35 % for the total, above-ground and below-ground biomasses respectively. 174 The increase in plant aboveground biomass simultaneously with the absence of 200 an increase in belowground biomass along the N gradient indicates that the rice 201 plants allocated less resource to the root system as N availability increased 202 (Thornley, 1972; Wilson, 1988; Andrews, 1993) . In contrast, the presence of M. 203 anomala increased both above-and belowground biomasses. Two separate 204 mechanisms were probably responsible for the differing plant responses to the N 205 gradient and to the presence or M. anomala (see below). 206
Since M. anomala effect was constant over the N-gradient, our experiment does 207 not support the widespread belief that enhanced mineralization by earthworms is the 208 main causal mechanism to explain the increased rice growth in presence of M. 209 anomala. Nevertheless, this mechanism could be important in other plant-earthworm 210 associations. Moreover, our experiment allows the hypothesis of an enhanced 211 nitrogen mineralization to be excluded at high levels of N, but not at low levels: 212 different mechanisms could in fact be involved at different N concentrations. The 213 mechanism(s) responsible for the positive effect on plant growth at high N 214 concentration cannot be clearly identified from our results. Nevertheless, an 215 improvement of soil water or oxygen availabilities by M. anomala can probably be 216 ruled out because soil was maintained at an optimal value of 80 % field capacity by 217 daily watering. Control of specialist parasites or the stimulation of symbionts likely did 218 not occur in our experiment because the soil originated from a non-cultivated 219 savannah with no crop-specific parasites or symbionts, and the original soil fauna 220 had been eliminated. We cannot, however, discard the hypothesis that microbial 221 generalist parasites or symbionts may have been controlled or stimulated by M. 
